We present a class of Ka lu_ za-Klein electrically charged black p-brane solutions of ten-dimensional, type IIA superstring theory. Uplifting to eleven dimensions these solutions are studied in the context of M-theory.
Introduction
It has been conjectured that there exists a consistent quantum theory in eleven dimensions, M-theory, whose eective eld theory limit is D = 11 supergravity [1, 2] . Due to the presence of a 4-form eld strength in this supergravity theory, there are supersymmetric electrically charged 2-brane [3] and magnetically charged 5-brane [4] solutions which are believed to play a crucial role in a precise formulation of M-theory. Double dimensional reduction of the supermembrane action [5] from eleven to ten dimensions gives rise to the type IIA superstring action [6] . This is a strong evidence for some relation between an underlying quantum theory in eleven dimensions and type IIAsuperstring theory. In fact, Witten [2] has argued that the strong coupling behaviour of type IIA superstring theory is given by the reduction on S 1 of D = 11 supergravity, with the compactication radius increasing with string coupling. This fact leads to the conjecture that compactication of M-theory on S 1 gives rise to type IIA superstring theory.
The E 8 E 8 heterotic string is also believed to arrive in the M-theory reduction on S 1 Z 2 [7] . Further, the type II dualities and the heterotic-type I dualities are related to the compactication of the M-theory on T 2 and on a Z 2 orbifold of T 2 , respectively [7, 8, 9] . Ten-dimensional type IIB and heterotic-type I theories at arbitrary coupling correspond to a particular point of the moduli space of the M-theory on the previous manifolds. This gives a fairly unied picture for a eleven-dimensional origin of the dierent superstring theories. In the hope of learning more about this mysterious theory, it is important to reinterpret the classical solutions to the eective eld theory limit of some superstring theories from an eleven-dimensional perspective. The aim of this paper is to consider such interpretation for the Ka lu_ za-Klein electrically charged solutions of type IIAsuperstring theory.
Ten-dimensional N = 2A supergravity is the eective eld theory limit of type IIAten-dimensional superstring theory. The bosonic elds are the metric g, the 2-form eld B and the dilaton all arising from the NS-NS sector, and the 1-form eld A and 3-form eld A 3 arising from the R-R sector. The 1, 2 and 3-form elds can be used to construct charged black brane solutions of N = 2A supergravity [10] . In particular the 1-form eld has been used to construct electrically charged black hole and magnetically charged black 6-brane solutions. The extreme solutions preserve one half of the maximal supersymmetry. These are particularly important because its semi-classical quantisation is believed to beexact [11, 12] .
We study Ka lu_ za-Klein electrically charged black p-brane solutions of type IIA superstring theory in both ten and eleven dimensions. In section two all possible cases of this class of solutions are considered. The following section is concerned with the eleven-dimensional picture. In section four we give some concluding remarks. For completeness the solutions for Ka lu_ za-Klein electrically charged black branes in D dimensions with arbitrary coupling of the dilaton eld to the Maxwell eld strength are presented in an appendix. Magnetic duality is used to generate magnetically charged black brane solutions. [13] (see also [14] ). We note that according to the interpretation given by Papadopoulos and Townsend [15] these objects remain 0-branes after compactifying along the branes spatial dimensions. 0 is the expectation value of the dilaton eld at innity and determines the string coupling there. that the singular hypersurface r = 0 is null, i.e. it coincides with the horizon. In fact, r = 0 is a Killing horizon in a limiting sense. The Penrose diagram shown in gure 1(a) disagrees with [13] , where a diagram corresponding to a naked singularity a t r = 0 w as drawn. Our result is consistent with the proposal of supersymmetry being the cosmic censor [12] . 
Thermodynamics
The coupling of the dilaton eld to the Maxwell eld strength, a, determines the global structure and thermal properties. In the previous subsection the solutions of item (i) with r H > 0 represent black p-brane solutions. Therefore the standard thermodynamical arguments should apply.
Analytically continuing to Euclidean spacetime and examining the behaviour of the metric in the vicinity of the horizon r = r H , the Hawking temperature is seen to be T shown. These plots were presented in [13] . Here we present just those that correspond to the Ka lu_ za-Klein electrically charged black p-branes that have an eleven dimensional origin. In gure 3 w e show the T Q and T M plots. The charge of the black p-branes arises as a central charge in a supersymmetric algebra. If quanta of charge cannot be radiated, the evolution due to the Hawking evaporation process is at constant charge. The black p-branes will decrease its mass until the extreme limit is reached while the temperature converges to innity, a nite value or zero according to p = 6 , p = 5 or 0 p 4, respectively. In the case of p = 6 we expect the thermodynamic description to breakdown near the extremal limit. The case of p = 5 i s rather puzzling. . The specic heat c = @M @T j Q is negative in cases (a) and (b) but changes sign in case (c) [20] .
The equations (2.4) (3.4) where the sign choice corresponds to positive or negative c harge, respectively. 3 Going from In the region 1 + r 7 p < 0 the rst three terms in the metric have their signs changed (see footnote 1). timelike and our compactication scheme breaks down as can be seen in (3.3) . This region is absent in the solution (2.3). 4 Consider now the extreme cases r 7 p H = and r H = 0 :
iii r 7 p H = ( < 0). (3.9) This metric is similar to the one in (ii) if we replace t by y and x 10 by w (it corresponds to zero boost velocity, i.e. no coordinate transformation). The spacetime is the product of the (10 p To obtain the region 1 + r 7 p < 0 w e should have started with the 10D metric dened in this region (see footnotes 1 and 3).
is simply M =D M . The Killing spinor eld solving M =0can be related to (10) by ( (10) ; (3.11) with 0 10 0 = 0 , 0 a constant spinor and the gamma matrices algebra is now f A ; B g = AB .
The Ricci tensor for this solution can bewritten distributionally as R M N = 2 @ 2 T r 7 p U M U N = 2(7 p)A 8 p 9 p (x i )U M U N ; (3.12) with U = @ @v . Making use of Einstein equations the energy-momentum tensor is T M N = 2(7 p)A 8 p 9 p (x i )U M U N : (3.13) This can be interpreted as a p + 1 spatially extended object (or a string according to [15] ) sited at the origin with a 11-velocity U = @ @v .It is trapped around the eleventh dimension along which momentum is owing. Periodicity o n S 1 of the wave function yields quantisation of this momentum and therefore of the KK charge.
We could have done a similar analysis for the region 1+ r 7 p < 0 and/or r < 0 but the results are less interesting. This exhausts all possible cases.
Conclusion
From our results we can conclude that the class of ten-dimensional black pbranes described by (2.3) when uplifted to eleven dimensions on M S 1 4 7 p r H the hypersurface r = r H is not singular. It corresponds in the ten-dimensional version to a null singularity where the string coupling vanish. iv > 0; r H = 0. The solution corresponds to a p + 1 spatially extended object trapped around the eleventh dimension along which momentum is owing.
The latter is supersymmetric and its semiclassical quantisation is therefore believed to be exact. This is consistent with one of the key ideas of M-theory, namely solitons of string theory are elementary excitations of M-theory.
Although these results were derived in the context of M-theory we expect them to begenerally valid for Ka lu_ za-Klein electrically charged black branes in any spacetime dimension. y an asymptotic spacelike hypersurface. In the cases where the actions I orĨ describe part of the bosonic elds content of some supergravity theory we expect the extreme solutions r H = 0 to be supersymmetric and to saturate the Bogolmol'nyi bound for the ADM mass per unit of p-volume 2M = q (D 2)jQ 0 j.
